Abstract-Researchers nowadays prefer biochip technology platform as a medium for conducting the analysis of biological cells where appropriate manipulation techniques like trapping, screening and sorting in a few seconds are required to perform biological cells analysis. Non-uniform AC electric field is required for dielectrophoresis force (DEP) to implement manipulation technique, where the non-uniform AC is generated by microelectrodes designed. The current design has a limitation in term of electric field distribution pattern generated. Thus, ring microarray microelectrode pattern was designed and simulated using COMSOL Multiphysics 4.4 software for implementing one of the main objectives of this study, which is to investigate the electric field distribution resulting from the microelectrodes designed. To optimize the generated DEP force for manipulating biological cells, electric field simulation is very important. The electric field simulation performed by altering some microelectrode geometric design parameters such as the microelectrodes length and the distance between the microelectrodes and the microcavity. The simulation has been shown in this paper. This is intended to simulate the effect of an electric field that results when there are any changes to the geometric design of microelectrodes. Based on the simulation that has been done, the results show the distance between the microelectrodes and microcavity provide more impact in electric field distribution strength compared to the change of the microelectrodes size.
I. INTRODUCTION
Analysis of biological cells using biochip technology is not uncommon nowadays. Biochip technology is one of the technologies which have been offered and gained the attention of researchers for use in analyzing cells due to biochip technology allows researchers to conduct various studies in the biochip simultaneously, as well to achieving higher speed and throughput. The benefit of biochip has aided the researchers to comprehend and learn about the complex properties of the cells by conducting research on living cells while pursuing crucial analyses that may help in human diseases treatment for the present or the future [1] . The use of dielectrophoresis (DEP) force is aimed in this study, where to explore the development of biochip that capable of analyzing biological cells.
Herbert Pohl has introduced dielectrophoresis (DEP) as a technique of manipulating cells in 1950 [2] . In addition to the cell manipulation techniques using Dielectrophoresis, other techniques such as optical [3] , magnetic [4] and acoustic [5] were also used in the cell analysis, nevertheless the non-contact trapping method offered by the DEP for manipulation technique on a biochip platform and in addition to the benefit of high efficiency, easy operation, strong controllability and slight damage to target [6] . Therefore, the DEP manipulation technique was favored in the present study. The DEP manipulation technique was attracting researchers passion in manipulating cells, where it was used for separate, trapping and sort different types of particles and has been used in research on platelets [7] , yeast cells [8] , bacteria [9] and cancer cells [10] .
Force that exerted to dielectric particles was produced by a non-uniform electric field will produce dielectrophoresis (DEP) phenomenal. Model of conventional dielectrophoresis was first well-established by Herbert Pohl based on classical Maxwell electromagnetic field theory. If a spherical particle is used, the following equation can be used to obtain the DEP force that acting on it [11] .
ε m is the media absolute permittivity, ΔE is the gradient of an electric field , r is the particle radius. Re[K(ω)] is the Clausius-Mossoti (CM) factor real part with the value range between -0.5 and 1. It mentions to positive dielectrophoresis (pDEP), when Re[K(ω)] > 0 the particle meet the region at high electric field, while when Re[K(ω)] < 0 the particle meet the region at low electric field. [Κ(ω)] is defined as:
ε * m is the complex permittivity of medium and ε * p is the complex permittivity of particle, which related to applied AC electric field angular frequency and conductivity:
Angular frequency was shown as ω, while j is an imaginary number which is equal to 1 − = j and ε is the permittivity. An important role in generating the necessary power DEP is the design of microelectrodes. This is because each different microelectrode design will produce different DEP strengths and a pattern of an electric field generated also varies according to the microelectrodes designed. DEP forces were instrumental in the trapping and handling of small particles make the researchers developed a variety of microelectrode design according to the objectives to be achieved.
A ring microelectrode was used in this study because this design can generate a strong cell trapping [12] . In contrast to the typical existing ring microelectrode design, in this study the pattern of the inner ring using the V-shape edge tip, where the V-shape is proven to produce high electric field gradient [13] . A combination of both can help in designing the microelectrodes required in this study, which is microelectrodes that capable of producing a high electric field and at the same time generate a strong DEP force to trap a single cell.
The next section will discuss the parameter of microelectrode designed and electric field simulation conducted that presented in this paper.
II. METHODOLOGY
In this study, Comsol Multiphysic 4.4 software with AC/DC module was used to implementing out one of the main objectives of this study, which is the distribution of electric field generated by the electrodes will be investigated and simulated. Figure 1 shows the main structure and component of the biochip, which is based on [14] , wherein the patterned microelectrode and microcavity fabricated on different layers. Microcavity etched within the biochip surface to trapping the cells at a certain location on the substrate's surface. The area in the middle of the microelectrodes was set to etched microcavity for this designed. To handle different tasks in the cell analysis, researchers have evolved various microelectrode geometries wherein the general objectives of the study will determine the electrode geometry used. Figure 2 shows the design of microelectrodes pattern [15] , where the ring microelectrodes pattern is designed to meet the objectives of this study. Microelectrode design.
The patterned microelectrode with tip length, l = 35μm and width, w = 40μm, was given material properties of gold with permittivity, εr = 1. The deionized water (DI water) material properties were given to the suspending medium. With permittivity, εr = 78 and conductivity, σ = 1.7 mS/m. Figure 3 shows the schematic of the meshing stage in Comsol Multiphysics 4.4 that was done for entire microelectrode geometry for solving Maxwell's equation. Finite element mesh resolution is determined by the mesh setting, which is used for the discretizing the model. The model will be divided by the finite element method into small elements of simple geometrical shapes. Extra fine mesh element size is used in this simulation to improve computational accuracy and give a more accurate result. The simulation was carried out by modified the length of the microelectrode, in order to investigate whether changes in the length of the electrode has an impact on the electric field Fig. 4 . Fig. 4 .
Microelectrode length of 35μm.
The effect of the distance between the edge of the electrode tip and microcavity was also analyzed. It is to see whether the increase in distance will affect the electric field distribution strength produced. The simulation is carried out with modification of the distance between an edge of electrode and microcavity with the addition of 5μm and 15μm of the original distance of 5μm as shown in Fig. 5 . The distance between the edge of the electrode tip and microcavity.
The simulation is carried out using a 1MHz frequency, supplied voltage 10Vpp (AC potential) and microcavity are supplied with -10V. To examine the changes in the strength of the electric field, it is necessary to simulate with different supplied voltage (AC potential) on the microelectrodes and microcavity. The simulation results will be shown in the result and discussion section.
The next section will discuss more the results obtained from the simulation results.
III. RESULT AND DISCUSSION
After all parameters such as assigning properties of materials, setting condition of boundary and meshing stage are combining and completely, as shown in Fig. 6 and Fig. 7 the simulation was conducted for plotted the strength of electric field distribution (V/m). The electric field strength changing pattern when there is a change in the microelectrodes length and change in the distance between the microelectrodes and the microcavity on the different potential value of can be seen in Table 1 and Table 2 . Figure 6 illustrates the differences in the electric field strength distribution (V/m) over a microelectrode length that modified from the original length of 35µm to 40µm, 45µm and 55µm and Table 1 shows changes in the electric field strength when there is a change in the potential supplied to the microelectrodes and microcavity.
The results of the simulation show that the difference resulting electric field distribution is only slightly and the difference is not significant, although there are changes in terms of the length of the microelectrodes. The results of Table 1 also shows the electric field distribution has increased in parallel with the increase in the value of the potential supplied to the microelectrodes and microcavity. Figure 7 illustrates the differences in the electric field strength distribution (V/m) over the distance between microelectrode edge tip and microcavity edge which is from 5µm to 10µm and 20µm. Table 2 shows the changes in the strength of the electric field when there is a change in the potential supplied to the microelectrodes and microcavity. The simulation results show that the electric field distribution increases as the potential supplied increases and having significant differences when the distance between the microelectrodes and microcavity increases. When the distance was increased, the strength distribution of electric field decreased.
The highest electric field obtained is 5.22 × 10 6 V/m when the distance of the microelectrode at 5μm and when the potential supplied by 10Vpp. While the lowest electric field obtained is 2. 19× 10 5 V/m when the distance between microelectrode edges tip and microcavity edge at 20μm and potential supplied by 1Vpp.
The effect of increasing the distance between the microelectrode and the microcavity reduces the strength of the electric field produced. The distance between the microelectrodes and microcavity is very important to get a high electric field strength but with a smaller design. Comparison of electric field strength distribution between the electrodes designed with two other existing designs has been shown in Table 3 below. As seen from the table, the ring microelectrode that has designed in this study, resulted in the distribution of electric field strength is higher than dot electrodes design and ring electrode (PIRE) design with the electric field strength of 5.22 × 10 V/m. It demonstrates the effectiveness of the electrode design in this study is better than the others design in terms of electric field strength, which also affects the strength of the DEP used to trap a single cell. 
CONCLUSION
The distribution of the electric field for designed microelectrode was simulated and implemented using Comsol Multiphysics 4.4 software. The result obtained from the simulation show that an electric field distribution has increased in parallel with the increase in the value of the potential supplied to the microelectrodes and microcavity. There is no significant change in the distribution of electric field when microelectrodes length is modified. In contrast to the results when the microelectrodes length was modified, the distribution of the electric field shows a significant difference in the electric field distribution when the distance between the microelectrodes and microcavity increases. The simulation results obtained show the distribution of the electric field to microelectrode designed to decrease as the distance increases. The results also show the distance between the microelectrodes and microcavity provide more impact in electric field distribution strength compared to the change of the microelectrodes size. Simulation of the electric field distribution when there are any modifications to the geometry of the electrodes can assist in producing a biochip design and microelectrode which is smaller but can generate high electric field distribution.
